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(54) Capacitor, method of rnajluracturtag the same and memory device Including, too same 


(57) A capacitor of a. semiconductor device and a 
method of manufacturing the same and a memory de- 
vice hdudlng the capadtor are provided. The capacitor 
Incfudes a lower electrode, a dielectric film, and an up- 
per electrode. A first reaction barrier film Is hirther 
fbrmed between the lower electrode and the dielectric 
film. The dielectric fttm b an oxide film (Lap) that In- 
dudss alanthanfde element, and asecond reaction bar-. 


iter tnm can further be formed between the upper elec- 
trode and the dtefectricttm. In a process ot depositing 
an oxfcfe film thai Includes a lamhanfde element, Impu- 
rfttes are removed by flowing vapor and then ozone over 
the oxide 10m. To control a reaction between the lower 
electrode and the dlefectrlcfflrn, theflrct reaction banter 
fthi Is a hafnium him or an aluminum film that Includes 
posUva Ions with smaller racS man posttvofonsof the 
lanthanum oodde fflm (Lb^O^ 
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Description 

[0001] The present Invention relates to a semiconductor device and a method of manufacturing the same, and mora 
particularly, to a capacitor, a method of manufacturing the same and a memory device tacbjcflrtg tfie capacitor 
s [0002] A lanthanum oxide (Le^Og) can be used as a cfietectrte film In a capacitor of a sembona%icior device. 

£0003] When a lanthanum oxide fifrn Is deposited on a silicon layer, a sUlc&le b formed fn thejca^c^M-fifl a result 
of a reason between the fanthainim ^ 
characteristics of the capacitor. 

[0004] As the Integration density of semiconductor devices Increases, It Is required to tormca>ac&ors having larger 
io capacitance In a narrow region . The capacttance of a capacitor Is proportion al to a ^rfaco bj^ of an etectrdde. There- 
fore, the capacitance of a capacitor can fe e Increased by forming the electrode In tfcrefe d^rfslone. 
[0005] It la deslratfe that a thickness and a composition of a dielectric him are uniform even If the effttrode of the 
capacitor has a compBcated structure. 

[0008] However, a conventional deposition method such aa a chemical vapor deposHon JCVp) rrtethod tifiotSUftabje 
15 for forming a dielectric film having a uniform thickness and composition on an eteoJjode with a ccrrtpltc^^ s^r^tUre 
due to process characteristics of the GVO method. 

[0007] An atomlo layer deposition (ALD) method forform/ng a thin film on a lower structure of a complicated stnicture 
has been Introduced, In which a thin fifrn w&h a desired composition can be deposited In a deep region of a cornpflcatad 
stnicture. This method provides a unffonnBy of thickness and composition of a thin fttrh to some degree. 
20 [0008] Therefore, the ALD method can be used for forming a dielectric film having a uniform thickness and compo- 
sition on a capacitor electrode having a cornpllcated structure. 

[0009] Jho lanthanum oxide film can also be formed using the ALD method. However, ttere Is a possfoasty of char- 
acteristic changes of the lanthanum oxide fSm resulting from absorption of water vapor (H^O) when the lanthanum 
oxide Is exposed to the air because lanthanldas ere hygroscopic. 
25 [0010] That Is, when forming the lanthanum oxide fifrn using the ALD method after deposition of a lanthanum pre- 
cursor layer, a large amount of water vapor can be absorbed by tha lanthanum precursor layer during an oxidization 
process using water vapor (H^O). In this case, electrical characteristics such as an abffity of the lanthanum oxide film 
to prevent a leakage current can be degraded. 

[0011] FIG. 1 Is a graph Illustrating tire increase In the leakage current density when water vapor Is used as an 
ao oxidation gas for forming a few oxkte films such as the farrthanum oxide film using the ALD method. Reference character 
B1 represents a leakage current density of an aluminum oxide fUm formed to a thickness of 40 A, and B2 represerttB 
that of a hafnium oxkte fttn formed tn a thfckneas of 45 A. Reference character B3, B4. and BS represent leakage 
currents of precursors Uflrnhdk, La(N(8i(MeX0^3, arid LaflPrCpfe, respectively. 

[0312] AeconSng to an aspect of the present Invention, there Is provided a capacitor of a aernlconductor device, 
35 comprising a lower electrode, a dielectric film, end an upper electrode with a first reaction barrier fQm formed between 
the lower electrode and the dielectric film. 

(0013] The dielectric film b an oxide fifrn that Includes a lanthantde etomant 

[0014] A second reaction banter film can further be formedbetween the upper electrode and the dtelectrlc. film. 
[0015] The first and second reaction banter films are each a hafnium oxkte fflm or an al umlnum oxkfe film that fricludes 

40 positive Ions with smaller radH than positive ions of the lantfianum oxide fftn (UfeO^. 

[0016] According to another aspect of the present Invention, there Is provided a method of forming a capactor com- 
prising formlnga lower electrode, forming a first reaction barrier tarn on the lower electrode, forming a precursor layer 
that Includes a metal element on the first reaction barrier film, forming an oxide film that Includes a metal element by 
oxidizing the metal element of tha precursor layer, drying the oxide film, and forming an upper electrode on the dried 

« oxide film. 

[0017] The lower electrode Is a silicon electrode doped with a conductive dopant, and theupper electrode la a titanium 
nitride ftbn. 

[0018] A second reaction barrier film can further be formed between the dried oxide fifrn and the upper electrode, 
and the lower electrode and the upper electrode can be silicon electrodes doped with a conductive dopant orttanJum 
nitride films. 

[001 9] An exhaust process may be performed after forming the precursor layer, after forming the oxide film, and after 
drying the oxide film. 

[0020] The forming the oxide film may comprise flowing water vapor over the precursor layer to firstly oxidize the 
precueor layer. 

55 [0021] The forming the oxide film may further comprises suppfytng ozone over the firstly oxidized precursor layer to 
secondly oxkflze the firstly oxfdtzed precursor layer. 
[0022] The firstly and secondly oxidation processes may be repeated. 
[0023] The oxide film is dried by flowing ozone over the oxide fifrn. 
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[0024] The first and second reaction barrier films can each be a hafnhim oxide film or an aluminum oxide film that 
Includes positive Ions with smaller radU than positive Ions of the dielectric film. 

P>02S] According to yet another aspect of the present Invention, there Is provWod a semiconductor memory device 
having a capacitor connected to a transistor, wherein the capacitor Includes a lower electrode, a dielectric film, an 

5 upper electrode and a first reaction barrier film Interposed between the lower electrode end the dielectric fUm. 

[0026] Since, the capacftor according to the present Invention prevents an unwanted reaction between the lanthanum 
oxide film used as the dielectric film and the lower electrode, and prevents Inclusion of a targe amount of vapor En the 
lanthanum oxide while forming the oxide film, degradation of electrical characteristics of the lanthanum oxide, that Is, 
the capacitor, are prevented, thereby Increasing the reJIabSfty of the semiconductor memory device that includes the 

io capacitor. 

[0027] The present Invention provides a capacitor that EnMblts an unwanted reaction between a tfelecttfC flkn end a 
lower electrode on which the dielectric film Is formed, and prevents a degradation of electrical chaFacte*ts1kx 0 f Q 
cfletectric film formed by atomic layer deposition (AID) by preventing the dielectric fBm from absorbing a Urge amount 
of water vapor. 

[00201 The present invention also provides a method of manufacturing tha capacitor. 
[0020] The present Invention also provides a sefntonductor memory device Including the capacitor. 
[OO30] The above and other features and advantages of the present Invention wtll become more apparent by de- 
scribing In detail exemplary embodiments thereof with reference to the attached drawings In which: 

so FIG. 1 tea graph Bushing leafcige 

capacitor for several types of defecoic film; 

FIG. 2 is a cross*tBCUonal view of a capacftor according to an exemplary embcxttnent of the present biventlon; 
FIG. 3 Is a graph Illustrating a leakage current density of me cafiacft^^ 
applied to the capacitor; 

FIG. 4 is a block diagram lor descrblng each operation of manufacturing a capacitor depicted En FIG. 2; 

FIG. 6 la a bkx* diagram tor descrtofng a second operation of manufacturing a capacftor depicted In FIG. 4; and 

FIG. 6tea cross-sectional view of a semiconductor device having the capacftor depicted In FIG. 2. 

[0031 ] The present Invention wffl now be described more fully with reference to the accompanying drawings In which 
30 exemplary embodiments of the present Invention are shown. However, thb Invention may be embodied h many dfferent 
forms end should not be construed as being limited to the embodiments set forth herein. Rather, these embocfrnents 
are provided so that this disclosure wfl be thorough and complete and fully convey the concept of the Invention to 
those skilled In the art In the drawings, the thicknesses of layers and regions ere exaggerated ford arty. 
[0032] A capacitor according to an exemplary ernbocSment of the present Invention wffl now be descrfoed. 
33 [0033] RG. 2 b across-sectional vlewriacapa^ 

[0034] Referring to FIG. 2, the capacitor Includes a lower electrode 40, a dielectric film DL, and an upper electrode 
46, The Iovrerejectrooto40 IsasftlOOT can be formed of titanium nfefcfe 

(TIN). The dielectric Aim DL Includes a first dielectric fBm 42 and a second dielectric fftn 44. The first dleleotno film 42 
preventa an unwanted reaction between the lower electrode 40 and the second dejertrlc fflm 44, that te, fc prevents 
40 silicate formatfon. The first dietectrto film 42 Is preferably formed of a cflefectric film Including positive Ions wfth smaller 
raxffltrtanthc^ In the second dltf^ 

The thickness of the first olefectrfc fUm 42 can be about 2 nm, butts preferably thinner than the second dielectric film 
44. The second delectric film 44 Is preferably formed of an oxide film that mdudes a ranthanlds element, such as 
lanthanum oxide (LaO). The thickness of the second dlelectrio fBm 44 Is preferably 2 to 10 nm, but may thicker or 
thinner than this. The upper electrode 46 Is preferably a titanium nitride (TIN) electrode, but can also be a silicon 
electrode doped with a conductive dopant However, In the latter case, a reaction barrier fOm that prevents a sflteale 
reaction between the upper electrode 46 and the second dielectric fflm 44 can further be formed therebetween. The 
upper electrode 46 and the lower electrode 40 can be formed of the same material. 

[0035] FIG. 3 te a graph Illustrating a leakage current density wfth respect to a voltage applied to the capacitor 
so according to an exemplary embodiment of the present Invention. In FIG. 3, graphs T, B, and C represent leakage 
current densities of capacitors formed In an upper part, a lower part, and a middle part of a wafer respectively when 
the wafer having the capacitors depicted In FIG. 2, Is vertically positioned. 

[0036] Referring to the graphs T, B, and C, the capacftors formed on the upper, lower, and midcfo parts of the wafer 
show little differences In their leakage current densities, and the leakage current densities are lower than 10" 7 A/cm 2 
55 wfthln a driving voltage, 

[0037] From the graphs T, B, and C, ft also Is seen that the leakage current characteristics of the capacitors formed 
on all regions of the wafer are afeo superior as m the leakage current characteristics of the capacftors formed on the 
upper, lower, and middle parts of the wafer. 
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[0038] A method of manufacturing the capacitor depicted In FIG. 2 accorcSng to an exemplary embodiment of the 
present Invention wlD now bo described. 

[0039] Referring to FIG. 4 f the method of manufacturing the capacitor Includes first through third operations 60, 62 , 
* $n464. 

s £0040] In (he first operation 60, a first oxide fBm is formed on a lower electrode. The lower electrode to preferably a 
. sHIcofrelect^ • 
such as a titanium nftrlde electrode. The fhst oxide fQm Is used partly as a detectric film of a capacitor, buJr^aJnryae 
a reaction barrier Jflrn ttiat prevents an unwanted reaction between a second codda film whjcfi wBI be forrrteo; later and 
the lower etectrode. Therefore, ft b desirable that the dielectric film is formed wtthout a component that can mast wffl) 

to acompdheniil.e., silicon, Indudo* In the lower electrode. The thickness of the first 6xf d£ fUm IS praf erabfy forfhdd to 
about i nm, which Is thinner than the secphd oxide Am, but may also thicker brtnlrtner than 2 nrn. 5lhc£&0 first vtiA& 
film Is formed to a thlqkn^ of a fewnanDinqtefB. Itjjbs preferable that the first GxtfefitrtT ia^omled USin^n^Lt) . 
In which tttokn^ 

cohventtonai Cvt) method. The first oxide film can be formed wfth a single layer rim , but can also telpjmed w$h a 
is double layer fltfn. The r^ oxide fltfpcahbe formed of a hafnium oxide fQm and/or an afumlnfim eod^ nbit. 

(00411 ,n the second opereSon, a-sacond oxWe fBm fe formed on the ftret bxitje film. The second oxkte.frtm perform^, 
the sbjik functioned toe secmdoj^ 

including positive tons wtth larger radii than those In the first oxide film. It Is desirable that the second oxide film ts 
formed of an oxide flbn that Includes a bnthanlde element such as a lanthanum oxMe |Bm (LaO). Preferably* the second 
2Q ox^de film 1b formed tb a thickness of a few nano meters like the first oxide flbn. However, the second oxide him la = 
formed to the same thfcfmessort 

of a few nano meters, k te preforatrty formed by an ALD method as opposed to a conventional thin tarn deposition 
method. The forming of the second oxide film using the ALD method will be described later. 
[0042] In the third operation 64, an upper electrode Is formed on the second oxide film. The upper electrode Is a 
25 titanium nttn^e electrode or can be a silicon electrode doped wfth a conductive dopant 

[0043] Referring to 4=1G. 6, the second operation 62 can further be divide Into three stSVcpefettons 62a, 62b, and 
tec. A detailed method of forming the second oxide fflm ushg an ALD method Is performed In the sub-operations 62a, 
62b, and 62c. The second oxkte fftn Is a lanthanum oxide rim (L^Og). 

£0044] More specifically, In the first sub-operatfan 62a, a precursor that hdudes a metal component (La) of the 
30 second oxide film, such as (Upmhdk, LaMSIfMe)^, or LaflPrCpfe, Is deposited on the first oxide film. Then, the 
precursor layer Is formed by performing aflrst exhaust process, and rernabimg precursors era removed form the reaction 
chamber. 

£0045] In the second sub-operation 62b, the precursor layer Is oxkfzed. More spectncaly, an oxidation gas such as 
water vapor Is supplied id the reaction chamber after the first exhaust process. Then, the second oxide fvn, I.e.. the 
as lanthanum oxide fikn b formed on the lower electrode through a substtutfon reaction between the oxidation gas and 
the precursor layer, that is, oxidation of the precursor layer. Then, an unreacted portion of the oxidation gas In the 
reaction chamber Is removed by performing a second exhaust process. 

[0046] In the third sub-operation 62c, impurfties are removed form the second oxide film. More spectttcaBy, excess 
water vapor included In the second oxide film Is removed by supplying ozone to the reaction chamber after performing 
40 the second exhaust process. Thjsn, a third exhaust process Is performed to remove remaining ozone from the reaction 
chamber. 

[0047] The third sub-operation 62c Is regarded as a drytag process from the point of view ttat the water vapor included 
in the second oxide fSm Is removed. 

[0046] The third sub-operation 62c Is also regarded as a second oxidation process because the precursor layer can - - 
45 further be oxidized by the suppOed ozone while removing Impurities. 

[0049] Table 1 1llustrates whether a second oxide film Is formed, whether water vapor remains tn the second oxide 
fBm, and a leakage current density In the second oxide fBm according to the oxidation process used to form the second 
oxide fikn on the lower electrode using an ALD method. 


[Table 1] 


Oxidation Process 

Qs 


H20->03 

O^HgO 

Film formation 

no 

yes 

yes 

no 

water vapor (HjO) Inclusion 


yes 

no 


leakage current density (A/cm 2 ) 


10-1 

10-7 



[0050] Referring to Table 1 , the second oxide fBm Is not formed on the lower electrode when ozone Is used as the 
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oxldatkm gas or when water vapor (HgO) Is supplied to the reaction chamber after- supplying the ozone. 
[0051] Whan the water vapor (HjrO) Is used ae the oxidation gas, the second oxide fflm la formed on the lower 
electrode. However, the water vapor (H^O) Is Included hi the formed second oxide fUm end the leakage current density 
Is as high as 10* 1 A/cthg. 

0 {0052] On the other hand, when ozone Is supplied to the chamber after supplying tho water vapor (H3O) according 
to the method of manufacturing the capacitor according to the present Invention, not oat/is the eecond oxide fljrn 
formed on the lower electrode, but (he water vapor (HjO) does not remain In the formed second oxide fttm and the 
leakage current density Is as low aa Afcmj. 

[0053] A semfiBdnductor memory device Including the capacitor depicted In FIG. 2 according to an exemplary em- 
10 bodirnerrtc^opres^ 

[Q0541 Referring to PIG. the merndry device Incudes first and second doped regions 74 and 78 doffed w^h a 
conductive dopant In a suterfrat* 70. thirst and second doped r^lone 74 and 7ft ana separated ^^'#^l!^mi!n%d 
oTstanee.Trw first region 7^ 

between the two regions 74 and 76 on the sube&ate 70, and a gate stack 72 Is deposed on the ctiann^j^glop. Dip 
is gate stack 72 turns the channel region on or off according to a voltage applied totfjegateeteckTfc. the ^& stack *2 
includes a gate fnsutettog fi&n (not ehfewn) and a gate conductive fever #»©t ehown). The sufcstmte TO, fee first and 
second regions 74 and 76, and the gate stack 72 consftute a MQ&FEt A first fetter-layer Insulating layer TOmateovers 
the gate stack 72 and part of the substrate 70, and a first contact heleBO that exposes the aeoond tegkm 7a is formed 
m the first InteNayer insulating layer 78. The first contact hole 80 b filled With a first conductive phx} 82 such as 
20 polysllteon dopedw&hacoHdudfve ctop^nt AcepacttorC bformedonthefl^ 
layer Irtsalatlng layer 7ft and cc^ 

same as the capecftorC depicted In FIG. 2. Therefore, descriptions of detailed snwlure and perfornianceaareomnlBd. 
The lower electrode 40 and the first conductive plug B2 are preferably formed of the same-conductive material but can 
also be formed of different conductive materials. A second biter-layer Insulating layer 64 to formed on the capacitor C 
25 and the first tnter-tayer Insulating layer 78 and covers the capacitor C. A second contact bote 86 that exposes the first 
region 74 b formed in the ftatafe^ 

contact hole 86 b filled with a second concfccttve plug 88. The second conductive plug 88 b preferably formed of 
pofysflbon doped with a conductive dopant, but can at&o be formed of a different corK&ethre material. A conductive 
layareo b formed on the second conduction plug 88 and tho second Inter-layer Insulating layer B4 and covers an entire 
so surface of the second conductive plug 88. The conductive layer 00 b a bft line and cross to the gate stack 72. The 
conductive layer 90 and the second cafkSuctrveptug88arepreferBb^ 
also be formed of afferent conductive materials. 
[0055] Since the memory device descrfoedharertofoie^ 

In the capacitor C can be maintained tore long time ti a normal state, thereby Increasing rettabflfty of the memory device. 

as [0058] The capacitor according to the exemplary embodiment of the present Invention Includes a reaction barrier 
fdm that prevents an unwanted reaction between an oxide film which Includes a lanthanMo element and b used aa a 
dielectric fikn, and a lower ancVbr an Upper electrode that Includes sBlcon. Acconflngly, eleetrlcal degradation of the 
capacitor due to silicate formation as a result of a reaction between lanthanlde tithe oxide film and the alBcon can be 
avoided, hi the processor forming the oxide fftn using an ALD method, water vapor tecoTnpletefy removed by ozone 

40 atterforming the oxide film. That b, the oxide fflrii b co/npletety dried. Thus, electrical degradation of rne*^acttor due 
to an Inclusion of water vapor tn the oxide film la prevented. A memory device hcttKflngtfte capecftor acconflng to the 
present invention can store data for a long ume wfthout toss, thereby Increasing the rellabtity of the memory device. 
[Q057J In the capacitor accorcfing to the present Invention, the first dielectric flkn can also be a non-codde film that 
can prevent a reaction between an oxide him and an upper and/br lower electrode that Includes sfficon. Abo, the upper - 

45 and lower electrodes can be formed of a material that does not Include silicon, and the dielectric fflrn can be replaced • 
by lanthanJde axkto fttra. 

[0058] While the present Invention has been particularly shown and described with reference to exemplary embed- 
. (merits thereof, Rwfllbe understood by those of ortfrtary still In the art that various changes In form and details may 
be made therein without departing from the scope of the present swentlon as defined by the following claims. 

so 

Claims 

1. A capacitor of a semiconductor device comprising: 

05 

a lower electrode; 

a dielectric film on the lower electrode; 

an upper electrode on the dielectric film; and 
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a first reaction barrier film that prevents a reaction between the tower electrode and the dielectric film, biter- 
posed between the lower electrode and the tfelectric film. 

2. The capacitor of ctakn 1 , wherein the lower electrode to a aJHcon electrode doped with a conductive dopant 

3. The capacitor of claim 1 or 2, wherein the first reaction banter firm la one of a hafnium oxWefflm arid an aluminum 
oxide film that Includes posttfvo lohs with smaller radii than positive Ions of the dlelactrlo fftn. 

4. The capacitor of any preceding data, wherein the dielectric fflm te an oxide fHm that Includes a taitihefftte element 

5. The capacitor of claim 4, wherein the oxfde film that Includes the lanthanlde element to La^Q 3 fQm. 

6. The capacitor of any preceding dalm, wherein the upper electrode Is a titanium nttrfdb fllm. 

is 7. The capacltorof any preceding data, fi^^ 

and the dteJectrtefflm wherein the upper efectrode is a sfllcon electrode doped with aeortdurtrV»at0am 

8. The capacitor of claim 7, wherein the second reaction barrier fftm to one of a hafnium oxide film and an aluminum 
oxide fibn that Includes positive Ions wtth smaller moH than positive Ions of the dtetecalo fifrn. 

so « 

9. A method of forming a capadtor comprising: 

forming a lower electrode; 

forming a first reaction barrterfftn on the lower electrode; 
» forming a precursor layer that Indudea a metal element on the flrat reaction banter film; 

forming an oxide fBm that ktdudea the metal element by oxkfizlngthe precursor layer; 
drying the oxide film; and 

forming an upper electrode on the ckted oxklefilrn. 

90 10. The method of dalm 9 further comprising, before forming the upper electrode, forming a aecond reaction barrier 
ftm on the dried oxide Atari. 


S3 


11. The method of cfabn 10. wherefti the lower electrode ejid the uppers 
doped wtth a conductive dopant and a titanium ntrtoe film. 

12. Thernethodof dafrnIO, wherein the second reaction barrier film to one of a hafnium oxide fflm and an aluminum 
oxide mm that Includes positive Ions with smarter radl than positive ions of the oidectric Atari. 

13. The method of daJm 9, 10, 11 or 12 wherein the lower electrode to formed of a silicon efectrode doped wtth a 
conductive dopant, and the upper electrode la formed of a titanium nitride film. 

14. The method of any of claims g to 13, wherein the lower and upper electrodes arett ttanbim nttrlde Aim. 

15. The method of arty of claims 8 to 14, wherein an exhaust process Is performed after formhg the precursor layer. 

16. The method of any of claims 9 to 14, whereai an exhaust process is performed after forming the oxide film. 

17. The method of any of cHakns 9 to 14, wherein an exhaust process Is performed after drying the oxide fifrn. 

so is. The method of arty of claims 9 to 14, wherein the forming the oxfde Aim comprises flowing water vapor over the 
precursor layer to firstly oxidize the precusor layer. 

19. The method of dalm 1 8, wherein the forming the oxide film further comprises supplying ozone over the firstly 
oxidized precursor layer to secondly oxidize the firstly oxidized precursor layer. 


45 


ss 


20. The method of dalm 19, wherein, In forming the oxide film, the firstly and secondly oxidations are repeated. 

21 . The method of any of claims 9 to 20, whereto the metal element is a lanthanlde element 
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22. The method of any of daJma 9 to 21 , wherein drying the oxide fflm comprises flowing ozone over the oxide fflm. 

23. The method of any of claims 0 to 22, wherein the first reaction banter film te one of a hafnium oxide film and an 
aluminum oxide film that Includes posttva Ions with arhaHer radii than positive Ions of the dielectric fUm. 

5 

24. A semlconductormemory device Including a capacitor connected to a transistor, wherein the capacitor La a Capacitor 
according to any of claims 1 to 6. 
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FIG. 1 (PRIOR ART) 


E 
o 


0.1 
0.01 


fc.1E-3 

CO 

5 1E-4 
O 

£ 1E-5 

[XI 

oc 

S§1E-6 
O 

111 1E-7 
CD ' 

1E-9 










— 


B4 






J© 

^& 

® 





-% — 

















® 




B3 





-© 



^# — 

B5 













18 20 22 24 26 
THICKNESS OF THE OXIDE FILM [A] 


28 / 30 
B1 



8 BEST AVAILABLE COPY 


PACE 14/18 * RCVD AT 12/21/2005 8:10:55 PM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-6/24 * DNIS:2738300 * CSID:5098383424 * DURATION (mm-ss):06-16 



9 


PAGE 15/18 • RCVD AT 12/21/2005 8:10:55 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24 * DNIS:2738300 " CSID: 5098383424 " DURATION <mm-ss):08-1B 


12/21/2005 18:14 FAX 5098383424 


WELLS ST JOHN PS 


1016/018 


EP 1 508 906 A2 


FIG. 4 


( START } 


FORMING A FIRST OXIDE Fliil ON TH£ 
L$WER ELECTRODE 


FORMING A SECOND OXIDE FILM OH TH6l 

FIRST OXIDE FILM L Q2 


60 


FORMING AN UPPER ELECTRODE ON THEl 

. SECOND OXIDE FILM . I — 64 


FIG. 5 

( START 


DEPpSTOON OF PRECURSOR 
LAYER THAT INCLUDES A METAL 
ELEMENT OF THE SECOND OXIDE 
FILM ON THE RRST OXIDE FILM 


OXIDIZING THE PRECURSOR LAYER 
DEPOSITED ON THE RRST OXIDE FILM 


62a 


■62b 


REMOVING IMPURITIES FROM THE 
SECOND OXIDE FILM 


y 


62c 


CsslD 


10 


PACE 16/18 * RCVD AT 12/21/2005 8:10:55 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24 * DNIS:2738300 * CSID:5098383424 * DURATION (mm-ss):06-16 


12/21/2005 18:14 FAX 5098383424 


WELLS ST JOHN PS 
EP1 508 90S A2 


@]017/018 


FIG- 6 


c 



11 


PACE 17/18 * RCVD AT 12/21/2005 8:10:55 PM [Eastern Standard Time] " SVR.USPTO-EFXRF-6/24 • DNIS:2738300 * CS ID: 509 83834 24 " DURATION (mm-ss):06-16 


